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Poly (p-phenylcneterephthalamide propanesulfonate):
A New Polyelectrolyte For Application To

Conducting Molecular Composites

Melinda B. Gieselnan and John R. Reynolds*

Center for Advanced 7 olymer Research

Department of Chemistry

The University of Texas at Arlington

Arlington, Texas 7601 9-0065

ABSTRACT: A new water soluble polyelectrohyte has been synthesized by the alkyl
sulfonation of the araniid poly(p-phenyleneterephthalamide) (PPTA) to form poly(p-
phenyleneterephthalarride propanesulfonate) (PPTA-PS). This polyelectrolyte is soluble i
water to greater than 18% by weight when the polyaramid is alkyl sulfonated to 66%.
Characteization and structural analysis of the 'oIyelectrolyte was facilitated by a 13 C NTMR
study of the model compound benzanilide and its alkyl and alkyl sulfonate derivatives, as
well as of an alkyl derivative of PPTA. The preparation of a molecular level composite of
polypyrrole and PPTA-PS has been pursued by electrochemical polymrization of pyrrole
using PPTA-PS as both the electrolyte and the polymeric dopant ion. The composite
materials exhibit conductivites of 1 f2- 1cm- 1 and improved thermal stabilities when
compared to poly(pyrrole tosylate).

Introduction

The ability to electrochemically prepare electrically conductive composites of
polyheterocycles with various carrier polymers has led to materials with enhanced mechanical and
electrochemical properties. Ideally, the composites retain the desirable properties of each
component polymer, exhibiting the electronic conducting ability of the polyheterocycle and the
good thermal and mechanical properti-s of the carrier polymer. Since conducting polyheterocycles
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have generally poor flexibility and thermal stability, carrier polymers with exceptional qualities are

needed.

The first materials of this class were prepared by in-situ eleciropolvmerizations in
thermoplastic matrices 1-9 or ionomeric membranes such as Nafion, which results in an ionically
conductive nedium. 10 13 A very useful method for the preparation of these conductive molecular
composites is heterocycle electropolymerization in the presence of solubilized polyelectrolyte. 14 -2 1

This method allows not only variation of the structure of the rcspet-tie polyimer components, but
control of the material properties of a particular composite by variation of certain aspects of the
elecrropolymerization iechnique jtse!f "ror ,vr'nple, Wegner et a! 17 , have used :h. -2ari:' of phe
medium to control the solution properties of the polyelectrolyte which then directly affects the
conductivity of the formed composite. A recent study by Takayanagi ct al. 22 involved
electropolymerization of pyrrole, with tosylate as dopant, into a matrix formed by electrodeposition
of the anion of poly(p-phenvleneterephthalanide) onto the electrode surface.

In this paper we report on a facile derivatization of the aramid poly(p-
phenyleneterephthalarnide) (PPTA) to form a highly water soluble polvelectrolyte. This represents
the first report of a water soluble polyelectrolyte derivative of PPTA. Previous derivatizations
resulted in grafting of polymeric side chains onto the aramid backbone. 23,24 Other rigid chain,
water soluble polyaramids have been prepared by polymerization of sulfonated aromatic diarnines
with terephthaloyl chloride. 25-27 The characterization of our polyelectrolyte was aided by the
synthesis and NMR analysis of another derivitized PPTA, poly(N-ethyl-p-
phenyleneterephthalamide), as well as de derivatization of benzanilide and structural assignments
of twe, model compounds, N-ethyl benzanildc aid benzanilide propanesulfonate.

We have used the polvelectrolyte as both electrolyte and polymeric dopant ion in the
electrochemical synthesis of conducting molecular composites with pyrrole. In addition to high
conductivity, these composites exhibit enhanced thermal stability when compared with typical

polypyrroles.

Results and Discussion

Polvelectrolyte Synthesis. 1. Poly(p-phenleneterephthalamide) (PPTA)
Anion. The PPTA anion is formed as previously reported 28 by the reaction shown in Scheme I.

Insert Scheme I



Kevlar pulp is treated with "dimsy]" anion that is generated when Nail abstracts a proton from

DMSO. With care, the possible side reactions of this process can be avoided as detailed below.

Use of one equivalent of Nai per nitrogen atom on the polymer chain prevents formation of

excess dimsvl anion which might attack the polymer carbonvl sites and result in chain cleavage and

formation of a chain t rninus with structure 1. In addition, cooling the dimsvl solution to slightly

above room teln :-rature before the PPTA is added prevents reaction at the carbonyl oxygen of the

resonance delocalized anion when treated with alkvlating agent. In the presence of strong base, N-

alkylation is greatly preferred to O-alkylation for primary and secoi,,arv' amides (except when :lie

counter ion is silver)29 , but at higher reaction temperatures the extent of O-alkvlation increases.

Limited alkylation reaction times were found to help control the extent of 0-alkylation (2).

Insert Structures 1 and 2

Provided the anion solution is isolated from air, moisture, e.nd light, it is stable for an indefinite

period of time. An experiment was performed in which PPTA anion solution was left in the dark

for eight weeks, and subsequently reacted with iodoethane. The product showed no increase in the

amount of O-alkylation product (see NMR discussion below).

When treated with an alkylating agent, the PPTA anion solution shows an almost

immediate decrease in viscosity and lightening of color from the aiin's characteristic deep red.

Once precipitated in THF, several days of stirring are required in order to allow for collection of

the product. The precipitate turns into a gel when the solvent mixture is removed unless sufficient

sring time after precipitation is given. This is presumably due to the time required for the THF to

displace the strongly solvating DMSO molecules that are interacting with the polymer chains.

2. Poly(p-phenyleneterephthalamide propanesulfonate) (PPTA-PS).

The addition of the propane sulfonate side-chain to PPTA to form PPTA-PS polyelectrolyte is

accomplished by reaction of 1,3-propane sultone with the PPTA anion as shown in Scheme 1I.

Insert Scheme I

It is expected that alkyl sulfonation occurs with a random placement of ionic groups along the

PPTA backbone. The structure of the product in Scheme II is only meant to represent the extent of

alkyl sulfonation and not polymer microstructure. After several hours the solution has lightened to

a yellow/orange color which indicates that the reaction is complete. The polymer is obtained as

yellow/orange powder that is extremely hygroscopic. Thermal analysis of the air-dr-,ed powder

shows an approximate 15% retention of DMSO in the apparently dry material. Vacuum oven



treatment at 100 'C and 2 torr for several hours followed bv flushing with nitrogen is required to

effectively remove 'oouid solvent

Calculation of the sulfur to nitrogen ratio of the polyelectrolyte determined by elemental

analysis indicates the extent of alkyl sulfonation of the polymer backbone. This value varies from

batch to batch, and a ranue of 50% - 66% alkyl sulfonation of the backbone has been realized. The

Wialkyl sulfonated powder can be dissolved in water in concentrations of 18 weight percent.

Exact values of elemental percentages were not obtained, most likely due to entrapment of solvent

and general difficulties encountered in the combustion analysis of polymers.

NMR Spectroscopy. Due to the structural complexity of PPTA-PS, an NMR study

was done to analyze the polyelectrolyte, model coumpounds, and an alkvl derivatized PRTA. 13C

solution analysis was chosen over IlI methods becauses of the poor resolution and large line

widths in the proton spectra.

1. Benzanilide Model Study. Benzanilide was used as a model compound to verify

the proposed reactions of the polymer, as vell as tr, assist in its structural assignment. Ethyl

benzanilide (3) and benzanilide propanesulfonate (4) were prepared using similar procedures to the

one followed for the preparation of the PPTA-PS. (See experimental section below.)

Insert Structures 3 and 4

The 13C chemical shifts for the benzanilide and its two derivatives are shown in Table I.

The aromatic peak assignments for the benzanilide were made by calculating the incremental shifts

from benzene of the aromatic carbons of monosubsti.tuted benzene rings. The assignments of the

aromatic resonanaces in the substututed benzanilides are tentative, due to uncertainties in the

calculated chemical shifts. The farthest upfield aromatic carbons in benzanilide (C6 and CS) are

shifted significantly downfield by alkyl substitution at the nitrogen. This shift is due to the

inductive effirct of the substituent which increases the electron density on the nitrogen. This

increases the C5-N bond order leading to some conjugation across the amide linkage and

decreasing the electron density of the ring. There is a similar downfield shift in the carbonyl

carbon with alkyl substutution at the nitrogen atom. Observation of this shift allows assignment of

the carbony peaks in derivatized PPTA as discussed below.

Inspection of the chemical shifts for the ethyl group in ethyl benzanilide and for the propane

sulfonate goup in benzanilide propanesulfonate allows assignment of the alkvl resonanaces in the

spectra. The farthest upfield peak is assigned to the middle carbon in the benzanilide

propanesulfonate side-chain which is the least deshielded. For comparative purposes, the 13C

spectrum for pyrrole-N-propanesulfonate 30 shows resonances at 27.6, 47.7, and 48.4 ppm.

Because of the similarity in environments of the first and third carbons in the side-chain,s of
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benzanilide propanesulfonate and p)rrole-N-propanesulfonate, it can be assumed .hat the
resonances at 49.2 and 49.6 ppm in benzanilide propane sulfonate's spectrum are caused by C12
and CI0. This is a reasonable area of the spectrum for CIO since the carbon next to tlhe nitrogen in
ethyl benzanilide has a chemical shift of 45.3 ppm, less than 5 ppm away.

Proton NMR also confirms the composition. Ethyl benzanilide shows a ipieLquatct
couple centered at 2.65 ppm, and benzanilide propanesulfonate shows peaks at 3.75 (triplet), 2.70
(quintet). and 1.S2 (triplet) ppm.

2. Pol(p-pheny'Ieneterephlhailamide) (PPTA). Figure I shows the solid state
CP/MAS 13C NMR spectrum of the starting material, Kevlar aramid pulp t'pe 979 (Du Pont). The
spectrum is externally referenced to glycine, whose carbonyl resonance is taken to be at 176 ppm
relative to TMS. As expected, there is a single carbonyl resonance for the amide carbon at
162 ppm. Detailed assignment of the ring carbons has not been attempted since the number and
positions of r..'sonances may be quite complicated due to geometrical isomerism and solid-state
packing effects. However, the quaternary resonances were easily identified by a non-quarternary
suppression (NQS) experiment, shown as an inset in Figure 1, where only the carbonvl and non-
protonated carbons are apparent.

.3. PoIy(N-ethyl-p-phenyleneterephthalamide) (Et-PPTA). The PPTA anion
was reacted with 1-iodoethane in order to introduce an ethyl side-chain onto the polymer backbone
as shown in Scheme 11. The yellow powder obtaioed was soluble iii .MSO. The 13C NMR

Insert Scheme III

spectruni. for the ethyl derivative of PPTA is shown in Figure 2. The use of inverse gated
decoupling and a sufficiently long delay time resulted in a comple- suppression c the NOE and
alloved integation of protonated to nonprotonate, carbon atoms. The validity of the integration
was checked by examination of the ratio of carbonvl to arvl carbon atoms which was found to be
1:6 as expected for PPTA. Comparison of the areas of the carbonvl peaks (a. and b. in Figure 2)
suggests that approximately 50% of the nitrogen atoms on the polymer backbone are alkylated.
This conclusion is based on the assumption that the appearance of two carbonyl carbons results
from the presence of an adjacent substituted nitrogen atom, with the substituted carbonyl being
farthest downfielI. The assignment is substantiated by the shift in the carbo--l peak in substituted
benzanilide. The spectrum clearly shows the resonances for the two alkyl cabons at 44.4 and
12.5 ppm, which correspond very closely, to the ethyl group resonances in ethyl benzanilide (see
Table I).

4. PoIv(p-phenyilenetcrephthalamide) (PPTA-PS). The NMR spectrum of
PPTA-PS is shown in Figure 3. It also shows the presence of two different carbonyl peaks due to
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proximity to substituted or unsubstituted nitrogens. By comparison of the areas of these peaks it is

seen thai slightly less than 507 of the nitrogen atoms in the PPTA are substituted with a propane

sulfonate group. When the derivatization reaction was done with excess dimsyl ani( i, a third

carbonvl peak at 162 ppm was seen. We expect this was the result of products of a chain cleavage

reaction resulting from attack of the dimsyl anion at the carbonvls of the aramid as illustrated in
structure 1. To address this, dimsyl anion was reacted with benzoyl chloride to vicld a model

compound having a similar functional group sequence to 1. The 13C NMR spectrum of the
product exhibited a carbonyl resonance at 164 ppm, consistent with the P-keio sulfoxide. By

comparison to benzanilide propanesulfonate, the side-chain carbon assignments have been made

for chemical shifts of 49.4, 4: .7, and 23.2 ppm. PPTA-PS made at higher temperatures and

longer reaction times showed small resonances at 69.5, 60.9, and 27.7 ppm. A possible

explanantion for these peaks may be the occurenece of a small amount of 0-alkylated product
(structure 2). This product is not a sibstantial contaminant, however, since the carbonyl to aryl

integration has the proper ratio indicating that the extent of 0-alkylation is not significant.

Although the intensities of the 0- and N- alkylated side-chain peaks va' with reaction conditions,

the location of peaks in the spectrum is completely reproducible in various syntheses of PPTA-PS.

Further Characterization of PPTA-PS. The IR spectrum of PPTA-PS is shown in
Figure 4. The spectrum corresponds well with that of the PPTA except for the addition of the sp 3

C-H stretches at 2969 cm-1 , and two major peaks at 1207 cm -1 and 1049 c, - 1. These peaks result

from the smmetrical and asymmetrical stretching vibrations of the sulfur to oxygen double bond

of the sulfonate moiety. Similar peaks are seen at 1220 cm - 1 and 1064 cm-1 in a spectrum of

benzene sulfonic acid, and at 1207 cm -1 amd !050 cm-1 for butane sulfonic acid.

Thermogravimetric analysis of the polvelectrolyte carried out in N2 is compared to that of
PPTA in Figure 5. PPTA is very thermally stable and shows no degadation until nearly 600 C.

After derivatization, th: PPTA-PS shows retention of thermal integritv until approximately 420 CC,

at which temperature a 30% weight loss occurs. This loss is followed by a steady degradation to
40 weight percent at 800 'C. The initial decrease in mass at 420 'C is most likely due to side chain

deg-radation.

An inherent viscosity of 0.96 dL/g for an aqueous 0.5% solution of PPTA-PS was

obkained. Comparable values have been reported for sulfonated aramids in sulfuric acid solution at

the same we.ight percentage. 24,26 The intrinsic viscosity determined with aqueous solutions of

less that 1 weight percent PPTA-PS is 1.2 dL/g (see Figure 6). At these concentrations ( 0.4

g/dl) the polvelectrolyte effect was not observed. No viscosity maximum occured in aqueous

solutions between 1.5 and 18 weight percent PPTA-PS, indicating that at these concentrations no

Ivotropic liquid crystalline behavior is occuring.
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Size exclusion chromatography of the polyelectrolyte. in aqueous solution, indicated that

the polymer had a hydrodynamic volumie too large to be accomnodated by thc column. The

coltmn was calibrated with poly(ethylene oxide) standards; the maximum standard used had a

molecular weight of 30,000.

Conductiiig Molecular Cornposi':s. The molecular level compositc films resulting

from electrochemical ; vnierization of pvrrole in an aqueous solution of PPTA-PS are shiny

black, free standing, and exhibit four probe conductiviles of -1 Q2cm - 1. The conduciVitV varies

minimally with the variation of the system parameters (Table 11), and is comparable to other

polypvrrole molecular composites 9 ,10. The materials are very strong and are somewhat brittle due

to the utilization of the rigid-rod polyaramid polyelectrolyte.

Aqueous solutions of 1% by weight PPTA-P. were used in tile electrochemical

polymerization of pyrrole. This weight precentage corresponds to 0.02o, M based on repeat unit
weight of 432 g for 66%,h alkvl sulfonated PPTA. Purging the solution with nitrogen was used to

dispcrse the poorly soluble pyrrole into the solution as well as deoxygenate the system. Both

glassy carbon and stainless steel electrodes were used with equal success. As Table III shows, the

voltage maintained in the system varies only slightly during the elecu-upolymerization process,

depending on electrode composition and current density employed. With a vertical orientation of

the electrodes, the surface of the film is ridged, presumably due to gravitv. When the

electrochemical cell is sealed and oriented horizontally, a very smooth film surface is realized.

'1 ne eiectropouyie zarondeposiuon of conCu.tivc polvlprrcl films is generally accepted

to proceed via an electrochemically activated step gow,th coupling mechanism. The first step of

this reaction is the oxidation of the p.rrole monomer to form a radical-cation which then vCuplfis

,vith another radical cation or reacts with a neutral monomer molecule to form a dimer. This

doubly charged dimer can then lose two protons to rearornatize to formn a stable di.=v -- cies. The

dimer is somc what more easily oxidized than the monomer, so may participate in additional

oxidation/radical coupling reactions to form oligom.-rs and eventually polymer. The polymer is

insoluble in the solvent, water, and precipitates as a film on the electrode surface. Because the

polymer is still in contact with the electrode surface, it is further oxidized and must incorporate

anions from the electrolyte to maintain charge neutrality. For our case of a polymeric electrolyte,

the anions are covalently bound to a polymer chain, so the two polymer backbones are intimately

mixed. Thus the term molecular level composite in pertinent. Structure S is a schematic

representation of the composite.

Insert Structure 5



One of the desired benefits of using a sulfonate derivatized KCe\ lar as the charce
compensating ion in oxidativelv doped polypyrrole films was the pussil litv of niprovine the

thennal stability of the conductive polymer. Figcure 5 includes the thcrnioam (,o thl n olecular
composite alon \with PPTA and PPTA-PS. As discussed above, the PIPTA sho\vs 100" weicht
rntCnrio, n to ahbovc 6(X) CC, and the polyelectrolyie is Sta)le to -- 4(Y) C before n'Sc' of .ide ch-,n

ClCavage. hc thermal analysis of the P1 ': 'PTA-PS composite shows cnhanccd properties over
typical poyl'"prrolcs, in that virtually complete mass retention to 330 'C in both N2 and air is seen.
at which point side chain cleavage is presumed to begin occuring. As can he seen in Figure 7,
when comIpared to poly(pyrrole tosylate), the onset of degradation is higher for the PP/PPFA-PS.
In addition, the I'P/PPTA-PS shows 80% mass retention at 900 'C in N2.which is greater by 15%;

than the amount of residual char at this temperature for a poly(pyrroie tosylate) film.

Experimental

Poly(p-pheNvlcneterephthalamide) (PPTA) anion. In a typical preparation, the
PPTA anion 7 was prepared by charging 400 mL of anhydrous dimethvl sa1foxide (Aldrich) and
1.20 g (0.04 moles) of an 80% sodium hydride dispersion in mineral oil (Aldrich) to a dr, three-
necked round bottomed flask flushed with nitrogen and equipped with an overhead mechanical
stirrer and thermometcr. After reacting at 75 'C for 1 hour, and cooling to 40 °C. 4.76 g (0.04
moles) of vacuum dried PPTA (Kevlar aramid pulp type 979, DuPont) was added. The mixture
was stirred vigorously for 48 hours. The resulting anion solution was dark red, extremely
viscous, moisture aensitive, and contained no solid PPTA residue.

Polv(p-phenyleneterephthalamide propanesulfonate), (PPTA-PS). The
propane sulfonate side chain was introduced by adding 4.89 g (0.04 moles) of 1.3-propane sultone
(Aldrich) as a solid to the PPTA anion solution with stirring at 40 OC for 24 hours. The PPTA-PS
solution was clear, yellow, and much less viscous than the PPTA anion solution. The PPTA-PS
was precipitated, as a yellow-orange powder, into a large excess of distilled terrahydrofuran
(Aldrich). After decantation of the DMSO/THF mixture, replacement with fresh THF, and several
days of stirring, the product was collected by vacuum filtration under nitrogen and dried in a
vacuum oven. Yields of- 60% have been attained. IR (KBr) 3306, 3051, 2969, 1639, 1512,
1408, 1319, 1273, 1207*, 1118, 1049*, 1018, 895, 864 cm-1. (* indicates sulfonate stretching
frequencies)

Poly(N-cthyl p-phenyleneterephthalamide), (Et-PPTA). One equivalent per
rev ctive site on the PPTA anion of 1-iodoethane (Aldrich) was syrqinged into the anion solution for
the introduction of an ethyl group to the polymer backbone. The mixture was stirred at 40 'C for
24 hours. A color change from red to orange was observed, along with a reduction in solution



v~s'~sjtv.The product wvas isolate-d as a yellow powder by' precipitation 1ut d1ed

trahvdrofurd n (Aldrich), followed by centrifugation, washing with, ether, and drying uinder

It en zamri id pro pan esulIfona IC. In ii typical dernvati zatlout reaiction. a F; .:im dried.,

11C~e tI Iad 2-5o 111L 3-necked round.1 bottomeld flask fitted with a thermloieter and iIchainical

\%:ie ws c hae \\Ih I 10) niL of anhVdrouls DM SO (AId: ch) and (').(4) iu( ().()2() moles) of NalI
.it- an di2 hspcirsiol iM mineral oil (Aldrich). This mixture was heated to) 75 'C for a pcriod of-

hour until the solid Nal Iall dissolved and thle solution took on a grcailsh tiueTc. After cooline, to)
40 - ( C. (0.020 1moles) of heuizani I ide (Aldrich) was added as a. solid to thle Solution11. TFhe

Sul id diss olved iinmeditel\ , and stirrine was continued for 1 .5 hours. To the resultine(

\'elow~ueeusolution. 2.44 £(0.020) moles) of solid 1,3 propane suitone (Aldrich) was added.

1 i. sa hione diss olved and an inmediate lighitening of the color of the soIlution oc:cured. After

UO\'cm ilU ht (-- 24, ho)urs), thle So111tiou Was 111:1ht yellow Ii color. The M>ISO was removed
h'. careC fuly dist11iin to dvis ne aUM

- -dyesudrvcu.The solid was then redissolved Ii a minimum of
wacfilteredl. and dried to obtain a completely water solubfle product. The yellow.k solid is

hv~rosopic ia melting point of 154 - 156 TC. Yield: 3,.32 g5252c. The infrared spectrum of

thle product, et mrrrouds to that of benzaniiide with the addition of sp3 stretchinga bands at 2940 and

/74 cmt., andJ sulfour-te vibaton bands at 12222 and 1055 cm-1 . NMNR was per:orrned in D-0

Solnu tons atI O-]fl% by weieht.

Eth i Becnzailifde. The ethyl side-chain was introduced onto knuz3uilide bv svrfl HI

3.1 e(.020) moles) of iodoethane into the benzaniiide anion solution prepared as described

above. Afit r a day of stirr;-- the yellow, solution was dripped into colId, sti-red T toprciae

the- Nal from !he Solution, followed L)-. gravity filtration. Thle filturate. containiug the product. w as

dis,,'Iled to remove the Tl-IF/DIMSO mixture Icavine, a vcllow oil. Column chromatography on

a11luina witlh and a 30% TI-FR70% hexane cititant mixture was use,-d to isolate,,- the prodluct.

DNISO-d 6 wa' s the NMIR solvent.

Polvpv)\rrole/pok'(p-phcnvlIeneterephthalanlidC propanesuV'onate).
(PP/IPI1TA-PS). Elec:trochemical synitheses Were utilized! for the production of the FP/PP1'A-PS

molecular composie. Two IM0 cm- plate e'eczrodes wvere oriented horizontally at a dmsance of 2
cmr in a rectangular cell. Both glass\, carbon (Atornergics) and stainless "tecl electrodes were used.
Polishinu- with diarnoad paste and soaking in nit-ic acid prior to eiectiropolymerizafion was require'd

for thecl~ass\, carbon. -T-he pyr-oie was Pturified by passing over alumina, and aqueous solutions
of0.2 M pyrrole and 1% by weight PFPTA-PS were dcoxygcnated with nit-rogen. A nitrogen

blanket was kept, ovcr the solution duri4ng clectropolymnerization. Constant current densites of 1-2
mi-A/cm 2 were. employed, and polymer:17-itions were carred out for 4 to 6 houirs. The rcsultingl



I0> \Y thl, k ncsm.C\ of'/() to 130 microns, were casiIv renmved from the ckc- ciesufae it1

a a1 spatul au i~cr P sen ini' t e edges with a razor blade, and were pre, sed tjoc.

Ulmrrictri/.alhmr. Infrared spectroscop;\ uigthe diffuse rfetnetcnnn n

K11 Br i I sursloas wasI carrie:d out on I Di21 lab FFS 40 spectrnphotomecter. I hera an:Ii , Ie~\ r

re- t(rmeu on ai Du Iont ~() Ki) TA system eqJuipped with TGA, DSC. and DNIA:. (IPC waK, done

0on a \\a ICr> 44,S 5CII I~ ni d ecironiato,_raph with an Uhltfh'(rogel 250 coIlIM.1n xwui

nno!the cunin is 80.000. and the pore size is250 angstroms. C. H,. N. and S ciemental

a an \NC11S \\'e re done ho Texas Analvoilcal Laborotories, I nc.. of Tallahassee. FL. AnI) Ostwaid

scmeersspnddin aI constant temperature bath thermosrated at 310 'C. wVs uiseLd for Vis osnoII

N.VUR spect-o scopy was carried out on a Bruiker 300-MSL- spectrometer on 10%~ hy

\'C1 O.Lion(S in l)NISO-d 6 and D20. Inl all cases. thle spect-ra were referenced to a resonance

us)hy rcsMn 11 that wvas assiumed a chemical shiftl of 39.5 ppm. Spectra of the Kevla-r

Geriad\es L-I~T "Ind lPMTA-PS wvere obtained usinii inverse gated decoupling and a delay time

of 3,0 scewud(s. Solid state NMR was carried out on the same instrTument using a Doty' Scienitific

sdsprobev. The PIFTA fibers; were packed into a standard 5 mim Doty Scienificrtrfpna

9W:)", l17, wiha Sweep width of 25 KHz, acquisition time of 0.035 s. anid a 4 s relaxation delay.

flThe refence peak of glyeine was assigned a value of 176.0 ppmn.

FouLr poeconductivites were determined on samples that had been die at -5 torr at

an1uie11 temperatur for 24' hours and showved no residual solvent by TGA. A Keithlv 197

antoranInmi-'rOvol:, di-ital mulimeter, was used for the resistance determi'natios

Con~~ni'i~ixvwre u!s'- calculated after usinE a Keithley 224 P.rramable Current Source

combination with, a IKeithley 181 Nanovoltmeter to determine the resistance of the samples.

Sx-nrles for thermal! analyses were drved under vacuum as described above for the conductivity

1-- this work we have repor-ted, for the first time, a method of derivatizing the thermally

stalble ara11id. po(p'-phenvlcneterephthlamide), to produce a-nd characterize a highly w;.a.er

SOluIIIC pol\'JcectroiVte. polv,(T-phenvlenieterephthalanilde propanesulfonate). An NMR study

involvlne_ thle moel compound benizarillide and its derivauves, as well as an alkyinted derivative of

PPTA. has been uIseful In characterizat ion. This polyelectrolyte is soluble- to at least 18 weight

percent in water w\ith approximately 66% ( alkyl sulfoniation of the reactive nitrogCen sites. We have

utilzed this polyme:ras the polvelectrolyt in the electrochemical synthesis of ain electrically

conductive polypyrrole molecular composite where the PPTA-PS is incorporated as the dopant ion1.



Conductivities of about I Q-1cm- 1 were obtained on glassy carbon and stainless stec:l clecirod, s

with Current dniisbetween I and 2 mA/Cri-. In addition to hieb electr-onic conductivhiecs. these

moleccular composites exhibit similar mechanical pr-operties and enihanced thcr-ml stabi lity v when

compaired to poly(pyrrole ovlt)
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Table II

Variation of Conductivity of PP/PPTA-PS Molecular

Composite With System Paramenters.

Elccir¢×ie Material Current Dersity Voltage Conductivity
(niA/cm!) (f1 1"1)

glassy carbon 1.0 3.5 + 0.2 0.8

glass: carbon 2.0 4.2 + 0.2 0.7

stainless steel 1.5 3.1 - 0.1 0.5

stainless steel 1.0 2.9 + 0.1 0.3
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FIGLRE :AlPTIlONS:

Figure I. Solid state CPI/,\I.,S 13C NMR spectrum of PPTA externally referenced to glycine.
Inset shows non-(]uaternary' suppression (NQS) spectrum of the same material.

Figure 2. 13C NMR spectrum of Et-PPTA carried out at -10% in DMSO d6 using an inverse

gated dccoupling pulse program and a 30 s delay.

Figure 3. 13C NMR spectrum of PPTA-PS on a -10% solution in D20 using inverse gated

decoupling and a 30 s delay.

Figure 4. Diffuse reflectance infrared spectrum of PPTA-PS in a KBr dispersion.

Figure S. Thermo-rams of PPTA, PPTA-PS, and PP/PIPTA-PS carried out u.,dr a nitrogen
atmosphere at a heating rate of 20 °C/nin.

Figure 6. Intrinsic viscosity determination of aqueous solutions of PPTA-PS.

Figure 7. Thermal analyses of PP/PPTA-PS and poly(pyrrole tosylate) carried out under a
nitrogen atmosphere at a hearing rate of 20 'C/min.



C
-0~

-zz

CCD

NN

Cj



A)
0

-Thi

__________________ K

I-....
1'

jo
N

z

jc
~-- '--

U

N. -~ C-
A'

'-- -"-

4

- i-3
N.

U -;
z=jz

N.

cz~ -



-77

2C2 C
/2
-70

U0

-7D

/C

-7o



C)1

(H

-0

0L

L')

U))

0 Li
(NJ

CD

C



C- C)

CL

CD CDco
(%) /1.13



0 0 CD

C)) Qn Ct)

Q/(/wsoOSIA eAlIE.1J)Ui



CO

r 

0

K-C

C-f

C)C

co CLi

(0/o) HSI D



//

\7

7q~



/ \

*1*

/

/\ -z~

/



+ \ ~

m
7

00

N)

00
-~

N

/



/
0= ~

4-

z

~= r
N'

-

z
C.) -

=
z

N'

N-
K7N\

- -

/

0= Q.)

4/



N.

-

/ \/V'

z 0 U

_ 
N.

N. ~
-

-

0 U

z

_ /
N. 

IN.

7-

0= U /
I-.,'- ~

N.

7-

U



I '-~.

I

Z2-U

sr,

'1

A:> /z 0 U

- I
-

C.) ZZU

C.) /
C=U

K
0= U

/
0=U

7

si-p


